The Pala region, in southwestern Chad, belongs to the northern part of the Central African Pan-African Fold Belt. It is made up of greenschist-facies schists and is characterized by bimodal, mainly mafic, magmatism. This schist unit named Goueigoudoum Series is intruded by pre-to post-tectonic plutonic rocks dated between 737 and 570 Ma and dykes of quartz.
2.-Geological setting
The Mayo Kebbi in southwestern Chad is located between the Pan-African reworked Archean and Paleoproterozoic Adamaoua-Yade domain to the east and the Western domain of the Central African Orogenic Belt that recorded both Paleoproterozoic and Neoproterozoic juvenile accretion to the west. From recent investigations, it has been argued that the Mayo Kebbi massif was formed during the Neoproterozoic in response to the closure of an ocean involving juvenile accretion related to an active margin tectonic setting (Pouclet et al., 2006; Penaye et al., 2006; Moussa Isseini, 2011) .
The Mayo Kebbi belongs to the northern part of the Central African Pan-African Fold Belt (CAPFB, Bessoles and Trompette 1980; Toteu et al., 2004) . The Pan-African belt in central Africa (Cameroon, Chad, Central African Republic) north of the Congo craton (Fig. 1a) , also known as Oubanguides or North Equatorial fold belt (Poidevin 1983; Nzenti et al. 1988) , is the southernmost branch of the Pan-Africano -Braziliano belt. The evolution of this belt can be summarized as the result of the convergence and collision between the São FranciscoCongo cratons and the West African craton (WAC) and the Saharan metacraton defined by Abdelsalam et al. (2002) . This mobile domain corresponds to the mobile belt of central Africa (Bessoles and Trompette 1980) , which consists of an amalgamation of Precambrian terranes (Caby 1989; Castaing et al. 1994; Black and Liégeois 1993; Ferré et al. 1996 Ferré et al. , 2002 ) that show a long and complex crustal evolution with a strong overprint by the Neoproterozoic events.
The most striking feature of this evolution is the presence of crustal-scale strike slip shear zones such as the Tchollire-Banyo fault (Fig. 1b) which to the Mayo Kebbi region is interpreted by some authors (Pouclet et al., 2006; Penaye et al., 2006) as the southern prolongation of the positive gravity anomaly identified in Chad (Louis, 1970) . Cretaceous platform sediments (the Lame series) cover most of the Precambrian basement of this region, which is dominated by the felsic plutonic rocks, emplaced into metavolcanic-sedimentary series (Schneider and Wolff, 1992; Kasser, 1995; Penaye et al., 2006) . The Pala region located at Mayo Kebbi (Fig. 2) is characterized by NNE-SSW belt of low-to medium-grade Neoproterozoic schists (the Goueigoudoum schists) associated to the gneissamphibolite complex. All these rock units are intruded by syn-to post-tectonic plutonic rocks and crosscut by quartz veins.
The Goueigoudoum schists outcrop over a 30 km x 25 km (750 km²) area between
Torrok village in the north and Pala in the south where they disappear under the Cretaceous sediments (the Lame series). In the northern part, they are covered by thick soil and show only little bedrock outcrops. They consist of meta-andesites, talcschists (Fig. 3b ), carbonatites interlayered with grey chloritoschists (Fig. 3a) and tuffaceous schists correspond to detrital arenaceous. Some massive strata in this sequence are descrived as metagabbros and metapyroxenites (Kasser, 1995; Moussa Isseini, 2011) . Based on their geochemistry, tholeiitic signature of the metavolcanic of the Goueigoudoum series are related to an island arc or backarc basin tectonic (Kasser, 1995; Pouclet et al., 2006; Moussa Isseini, 2011; Moussa Isseini et al., 2012) . At the Séré and Tikem villages, laterite cover is 0.5 to 1m in thickness; nevertheless, the schists are observed in the wells of water suggesting the northern extension of the Goueigoudoum series.
The gneiss-amphibolite complex as defined by Schneider and Wolff (1992) is exposed west of the Goueigoudoum Series (Pala region) and is also found as numerous xenoliths within the granitoids. This complex dated at ca 750 Ma (Penaye et al., 2006; Moussa Isseini, 2011; Moussa Isseini et al., 2012) comprises hornblende-biotite gneisses interlayered with banded amphibolites; the presence of calc-silicate layers associated with amphibolite suggests that part of this unit is of sedimentary origin. According to Kasser (1995) , and Penaye et al. (2006) , this complex also includes meta-plutonic rocks with protolithes consisting dominantly of diorites associated with minor gabbros, norites, and peridotites. Kasser (1995) used the term ''mafic to intermediate complex'' as equivalent of the gneiss-amphibolite complex of Schneider and Wolff (1992) .
The Pala granitoids outcropping around the Pala area belong to the Mayo Kebbi batholith which covers more than 50% of the Mayo Kebbi region in south western Chad.
Based on U-Pb and Pb-Pb geochronological data (Penaye et al., 2006) , three generations of plutonic rocks have been distinguished: the first generation is represented by metagabbrodiorite and metadiorite (Fig. 3c ) emplaced between 737 and 723 Ma during an early phase of plate convergence. The second generation consists of tonalites, trondhjemites and granodiorites, emplaced during several magmatic pulses between 665 and 640 Ma. The third generation includes post-tectonic porphyric granodiorites (Fig. 3d ) and hypersthene monzodiorites that have been dated at ca. 570 Ma (Penaye et al., 2006) . Near the shear zones these granitoids are brecciated and cut by a stockwork of thin (0.1-1.0 cm) and variously oriented quartz and pyrite veinlets (Fig. 3c) .
The Cretaceous Lame series crop out at the west and south of Pala and they cover an area of about 2000m 2 areas. They consist mainly of conglomerates, sandstones, arkoses, clays, marls and metric lenses of shally limestone (Kasser, 1995) .
The polyphasic evolution of the Pan-African orogeny has been established by Kasser, 1995; Doumnang, 2006; and Moussa Isseini, 2011 , which defined three tectonic phases D1, D2 and D3.
The first tectonic phase is recorded by the metavolcanic-sedimentary rocks and the gneiss -amphibolite complex dated at about 750 Ma. This tectonic phase is characterized by a flat lying schistosity (S1) associated to isoclinal folds and E-W lineation.
The D2 deformation transposes D1 structures and develops upright folds within the The D3 deformation is related to NW-SE non penetrative foliation, sinistral strike-slip faults and dyke of quartz and joints (Figs 4c and 4d ). It took place under conditions of increasing compression and local extension and was accompanied by the emplacement of porphyric granodiorites, hypersthene monzodiorite, and veins of quartz. Quartz veins and gold mineralizations seem to be spatially associated with brittle strike-slip faults (Fig. 4c) .
3.-Gold mineralization
The number of gold camps in the Pala region is difficult to determine exactly: around 22 camps were registered by Deurdibaye Marambaye (2011) , but in this study, we describe 13 sites of traditional gold exploitation are been visited. The most important mining localities include Gamboké, Mbidou, Bamdi, Massonebaré, and Goueigoudoum, all located north of Pala (Fig. 2) . Both alluvial and primary gold deposits are found in these localities.
3.1-Alluvial gold
Exploitation of alluvial gold has been more important in the past. The alluvial gold occurs in 0.5-5 m thick ''productive zones" of stone and gravel which contain up to 3.5 g/t Au (JIPROMIT, 1995; Table 1 ). Alluvial gold is mined in weathered zones (e. 
3.2-Primary native gold
Primary native gold occurs in quartz tension gashes and shear veins in granitoids rocks and schists, at Gamboké, Massonébaré, Mbidou and Goueigoudoum localities where fine gold grains are observable directly in the rock samples (Fig. 4e ). According to the field studies, three types of native gold ores are distinguished: Au-bearing quartz veins, mineralizations in brecciated and silicified zones within metagabbros and gold mineralizations related to shear zones.
3.2.1-Au-bearing quartz veins
The mineralizations are constituted by a network of quartz veins cross-cutting the schists (metavolcanic and metasedimentary rocks) and syn-to post-plutonic rocks. The shists are characterized by a general strike NE-SW and a dip of 70-90° to the NW or SE. At Gamboke, they consist mainly of hydrothermally altered mica (±chlorite) schist, interlayered with talcschist, metatuff and often metagraywacke. In thin section the schist is dominated by very fine-grained sericite, light green chlorite, calcite, ankerite and quartz. The sericite partly forms pseudomorphs after feldspar, and also occurs in small veinlets crosscutting the regional foliation.
Gold in these veins may be found in association with pyrite, arsenopyrite, and chalcopyrite ( Fig.5a ). The veins vary in thickness from few centimeters to 1.5 meter (Fig. 3e) . Most of the veins strike WNW-ESE to NW-SE but, directions parallel to the N-S to NNE-SSW-trending S2 schistosity are also observed (Fig. 2) . The directions are thus perpendicular or sub-parallel to the schistosity in hosting schist and plutonic rocks. The Au-bearing quartz veins generally truncate the S2 foliation at the Goueigoudoum locality (Figs 4c and 4d), suggesting that they have formed during the late brittle stages of the deformation, but they display the same lateral, strike-slip kinematics and a consistent anticlockwise rotation of their trend relative to the Tcholliré-Banyo shear zone which is the southern prolongation of the Positive Gravity Anomaly (PGA) identified in Chad (Figs. 1b and 6).
3.2.2-. Mineralizations in brecciated and silicified zones within a metagabbro
This type of mineralization, which is described within a brecciated metagabbro sill ( Fig. 3c ), has been found in another shear zone located approximately 4 km east of the NNE-SSW trend Gaotao shear zone (Fig. 2 ). This metagabbro is sometimes replaced by extensively silicified chloritic rocks. The mineralization is located in the brecciated and silicified zones of the metagabbro, which contain an important sulfide mineralization represented by large cubic crystal of pyrite accompanied by magnetite and gold (Fig. 5b) ; others minerals are green amphibole (actinote), altered plagioclase, quartz, colorless to brownish amphibole (grunerite).
This type of mineralization confined to basic intrusive rocks is interpreted as being of hydrothermal origin (Soo-Young and Se-Jung, 2001).
3.2.3-. Mineralizations related to shear zones
The most significant mineralization related to shear zones is hosted by the Gamboke shear (Fig. 3f) . In the schists, gold-bearing pyrite is found as millimeter-wide beds of pyrite grains which are slightly elongated (Fig. 5d ). Each lentiform structure is associated with a particular type of mineralizations: (1) mineralization enclosed in highly silicified talschist and metavolcanic rocks; (2) mineralizations closely related to an intensive silicification of metasedimentary rocks (chloritoschists) and (3) mineralizations encountered in brecciated and silicified zones within the amphibolo-pyroxenite and metagabbro sill.
The examples of mineralizations enclosed in highly silicified talschists and volcanic rocks include the southern Gouéigoudoum and Massonébaré locality which are associated with hydrothermally altered, silicified extrusive rocks. In detail, three lithological facies can be recognized in the mineralized zones:
-Dark-colored meta-andesites of doleritic texture, and in which the shistosity is underlined by chlorite and tremolite crystals; -Hydrothermally altered tuffs, which constitute the core of the mineralization zone;
The alteration is characterized by chlorite, sericite, carbonates and silica;
-Quartz bearing tuffs.
Gold is mainly contained in pyrite beds associated with arsenopyrite within tuffs interbedded with meta-andesites and spillites. Gold is also associated with arsenopyrite, chalcopyrite and pyrite in quartz veins. The mineralization at Goueigoudoum and Massonébaré is interpreted as hydrothermal, although this mineralization appears to be controlled by lithology and deformation, the hydrothermal alteration is probably responsible for the concentration of gold in the silicified schists. The gold contents range between 0-33 g/t with 5 g/t in average at Massonébaré and 2.53g/t at Goueigoudoum (Table 1) .
4-Sulfide minerals analysis
Some opaque minerals were analyzed using an electron microprobe at the joint microprobe laboratory of Centre National pour la Recherche Scientifique-University-Bureau de
Recherches Géologiques et Minières of Orléans. One sample (PalTGG1) was from Goueigoudoum quartz vein with abundant chalcopyrite and small amounts of iron sulfides (Fig. 5a ). The analyses show that the pyrite contains up to 3.3 wt.% Ni and the pyrrhotite up to 2.1 wt% Ni. Analyses also identified sphalerite (Fe/Zn of 0.14-0.19) and suggested presence of Fe-bearing siegenite ((Ni,Co,Fe) 3 S 4 ), the silver telluride hessite (Ag 2 Te), and a bismuth-telluride-selenide, probably kawasulite (Bi 2 (Te,Se,S) 3 ). Another sample of a Gamboké schist associated to shear zone with elongated pyrite (Fig 5d) as the main opaque mineral contains talc and Fe-rich chlorite. The talc is a Fe-rich variety with up to 40% Fe.
5-Whole rocks analysis
Seven selected samples of schists (three talcschists and one metagabbro) and four felsic plutonic rocks were analysed for major, trace and rare earth element abundances by ICP-AES at the Centre de Recherches Pétrographiques et Géochimique (CRPG), Nancy-France.
Analytical errors are <5% for major elements and in the range 5-10% for trace elements and REE. Details of the analytical procedures is found in Govindaraju et al. (1976) and Govindaraju and Mevelle (1987) . The analytical data are presented in Tables 2. (Fig.6b) suggesting an active margin context for these rocks. to the shist and metagabbro samples (Fig. 6c) .
6-Discussions
The South West Chad is part of the NNE-SSW trending Neoproterozoic Central African Fold Belt (CAFB) and is made up of calc-alkaline granitoid suites emplaced between 737 and 570
Ma into a metavolcanic -metasedimentary sequence dated at 777 ±5 Ma (Doumnang, 2006) .
This domain extends southward into Cameroon and is interpreted as middle Neoproterozoic arc stabilized at ca. 650 Ma (Penaye et al., 2006) . It is dominated by two main ductile deformation phases followed by regional strike-slip faults with the most important (Fig. 1b) are the Tchollire-Banyo shear zone, the central Cameroon shear zone, and the Sanaga shear zone.
The most significant late Neoproterozoic ore-forming events occurred near transcrustal shear zones as part of the Pan-African thermotectonic activity adjacent to many of Africa's cratonic blocks (Daly, 1988; Milési et al., 1989 Milési et al., , 1992 Pohl and Gunther 1991; Agar, 1992; Pohl 1994; Worku, 1996 and Lang et al., 2000) . In all cases, the orogenic gold deposits are related to terranes in which new volcano-sedimentary sequences were formed, rather than in terranes in which only pre-existing crust was reworked (Solomon et al., 1994) . Two factors control the gold mineralization in the Pala region: (i) lithology: the mineralization is confined to quartz veins, and silicified and brecciated within a metagabbro; (ii) tectonics: the mineralization is restricted to shear zones.
Firstly, primary gold in the Pala region is hosted by quartz veins, shear veins and brecciated and silicified zones. As discussed above these veins cross cut meta-volcanosedimentary rocks, related to major ductile NNE-SSW shear zones also affecting the granitoids. The NE- This major crustal-scale shear zone is a typical structural setting for most orogenic gold deposits (Goldfarb et al., 2005) and is regarded as major conduits for auriferous fluids, and this is probably also the case for the deposits in the Pala gold. These conduits are most likely late Pan-African shear structures, developed in the central African fold belt (Fig. 6) .
Second, the mineralogy of the brecciated and silicified metagabbro in the Pala region is quartz, plagioclase with subordinate pyrite, magnetite, chlorite, carbonate and Fe-amphibole (Fig. 4a ). This is a classic mineral assemblage for mesozonal-metamorphic gold deposits (Milési et al., 1992) . Arsenopyrite is common in many deposits where metasedimentary rocks are part of the host lithology (Hodgson, 1993; Goldfarb et al., 2005) , whereas pyrite is the most common iron sulfide where the host is a mafic rock (Fig. 4a) .
The Pala granitoids are accompanied by hydrothermal alteration in the contact aureole, in apical portions of intrusive bodies, and along dike margins. The altered rocks attract interest as an ore-forming medium with respect to gold-sulfide and gold-quartz mineralization. The alteration in the outer contact zone of quartz diorite and granite porphyry cutting metavolcanosedimentary rocks corresponds to high-temperature propylitization and is characterized by intense biotitization and formation of epidote, actinolite, tremolite, and carbonate and accompanied by sulfide-bearing carbonate-quartz veinlets and pyrite disseminations in amphibolites and tremolite schists. Numerous low-sulfide and sulfide-free quartz veins occur in meta-andesite to the East of the Bougaraou intrusion (Fig. 2) .
The main stage of gold mineralization in the Goueigoudoum neoproterozoic schist series is related to the Pala pan-African granitoids (Penaye et al., 2006 and Moussa Isseini, 2011) . 
Conclusion
The geology of the Pala region (South West of Chad) mainly consists of volcanic, volcaniclastic, and sedimentary rocks of Neoproterozoic age which are intruded by granitoids.
One of the features of this region is the presence of NNE-SSW shear zone and veins of quartz.
The gold mineralization was formed during several stages, beginning from low-grade ore and dispersed concentrations in zones of hydrothermal alteration and sulfidation in the Goueigoudoum schist series which is the equivalent of Zalbi series dated at 777 ±5 Ma (Doumnang, 2006) The tectonic significance of these NE-SW strike-slip structures remains unclear, but could be related to a regional phase of late Pan-African extension, which is well-defined further east in Cameroon and Southern Chad by positive gravity anomalies (Louis, 1970) . A number of vein quartz mesothermal gold deposits, are genetically linked to this structure, and the structure should have a certain potential for finding new gold deposits. Gold is observed either as free gold, or in association with pyrite, and chalcopyrite. The fact that the gold deposits are mainly of hydrothermal origin and the distribution of these deposits along the Pala granitoids suggests that magmatism has played a major role in the dynamics of the mineralizing fluids.
In conclusion, the following points best summarize present understanding of the gold mineralization of the Pala region:
(1) The gold deposit is characteristically associated with deformed and metamorphosed mid-crustal blocks, particularly in spatial association with a NE-SW major crustal structure (the Tcholliré-Banyo shear zone). This mineralization belongs to the orogenic gold deposits. Redrawn after Pinna et al (1994) and Toteu et al. (2004) . 1 
